The phenotypic response of genotypes across different environments can be quantified by estimating the genotype by environment interaction (GxE). In a practical sense, GxE means that the relative performance of genotypes does not remain constant under all test conditions. Genetic parameters and genotype by environment interactions for wood density, growth, branching characteristics and stem straightness were investigated in eight radiata pine progeny trials derived from a second generation breeding population in Australia. Five trials were on the mainland, while three trials were in Tasmania. Generally, ĥ 2 for density > branch angle > stem straightness > tree diameter > branch size; and significant ĥ 2 was observed for all traits and at all trials with only two exceptions. Genetic correlations were estimated among the five traits, and a large negative genetic correlation observed between wood density and tree diameter indicated that a selection strategy should be developed in dealing with this adverse genetic correlation in advanced generations of breeding for radiata pine.
Interactions for density, branch angle, and stem straightness were small within the two regions. Overall, branch angle had the least GxE, followed by density and stem straightness. Growth traits (tree diameter and branch size) tended to be the most interactive with substantial GxE present. Genotype by regional interactions (Mainland versus Tasmania) revealed that density and branch angle had the least interactions (r B = 0.98 and r B = 0.95, respectively). Branch size and tree diameter had the highest interactions among the two regions (r B = 0.55 and r B = 0.63, respectively). Within Tasmania, only branch size and tree diameter had a sizable interaction within the three sites. In contrast, there was little interaction for tree diameter among the Mainland 
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Introduction
The phenotypic response of genotypes across different environments can be quantified by estimating the genotype by environment interaction (GxE). In a practical sense, GxE means that the relative performance of genotypes does not remain constant under all test conditions (e.g. BRIDGWATER and STONECYPHER, 1978) . The patterns of response across environments may involve either change in the ranking of genotypes and/or alterations in scale (LYNCH and WALSH, 1998) . BARNES et al. (1984) highlighted the importance of differentiating these causes of GxE as they influence subsequent decisions and strategy to be followed in dealing with the interactions. The assessment of GxE has been essential for formulating breeding and deployment strategies in forest trees (WHITE et al., 1993) . When present at family or clonal levels, GxE (rank change) is of particular concern to tree breeders since it determines critical decisions in developing optimal breeding and deployment strategies and realising genetic gains (WHITE et al., 2007) .
The dilemma for tree breeders is that, on one hand, GxE tends to hamper progress by necessitating larger replication in space; while, on the other hand, a strong interaction offers the opportunity to increase genetic gains by developing specific genotypes which will perform well in specific environments. To deal with GxE in practical breeding programs, two general approaches have been suggested (RAYMOND and NAMKOONG, 1990) . The first approach is to characterize the area and then choose the best genotypes for each site; this approach maximizes the yield over the total range of planting sites. The second approach is to find stable genotypes that perform well over all environments.
Numerous analytical methods have been developed to quantify the amount, source and significance of GxE for a breeding program (COOPER and DELACY, 1994) . These include classical ANOVA which uses F-tests to determine statistical significance of GxE effects; regression analyses which examine the stability of genotype performance across environments; the ecovalence (Wricke's ecovalence) which examines the contribution of particular genotypes (or environments) to GxE sum of squares (e.g. HODGE, 1996) ; multiplicative mixed models approach (e.g. SMITH et al., 2001; 2005) , GGE biplot analysis (DING et al., 2008) , and BURDON's (1977) Type-B genetic correlation (r Bg ). The Type-B genetic correlation approach has been discussed in detail in the literature (e.g. YAMADA, 1962; EISEN and SAXTON, 1983; LU et al., 2001) and it continues to be one of the preferred methods for investigation of GxE in forestry experiments as it quantifies the role of environments in generating interactions (BURDON, 1977) and is easily implemented in a mixed model/BLUP setting where data are imbalanced which most of the other methods mentioned cannot handle.
In an effort to quantify the role of environments in generating interactions, substantial research on GxE in forest trees has been carried out, followed by several excellent reviews (e.g. SHELBOURNE, 1972; BRIDGWATER and STONECYPHER, 1978; BARNES et al., 1984 ; MATHESON WOOLASTON et al., 1991; PSWARAYI et al., 1997; HODGE and DVORAK, 1999) . Other studies on GxE have sought to classify GxE as either "predictable" or "unpredictable" (e.g. JOHNSON and BURDON, 1990; CARSON, 1991; HODGE and WHITE, 1992; ADAM et al., 1994) . Predictable GxE implies that environments can be classified into site types in such a way that Type-B genetic correlation is higher for pairs of environments of the same type than it is for pairs of environments of different types. For example, JOHNSON and BURDON (1990) examined GxE for 4.5 year old volume in four progeny tests of radiata pine (Pinus radiata D. Don) in New Zealand and reported six pairs of genetic correlations with an average r Bg = 0.55. For the two pairs of sites on same soil type, the average r Bg was 0.90; while for the four test pairs on different soils, r Bg averaged 0.38. In a larger radiata pine GxE study with 11 test sites in New Zealand, CARSON (1991) found no clear pattern of site combinations, i.e. no predictable GxE. One difficulty in identifying predictable patterns of GxE is the large number of tests needed in each type of environment.
GxE for radiata pine growth traits has been studied extensively (MATHESON and RAYMOND, 1984; JOHNSON and BURDON, 1990; CARSON, 1991; WU and MATHESON, 2005) . MATHESON and RAYMOND (1984) reported evidence of GxE for growth in radiata pine. Similarly, WU and MATHESON (2005) reported GxE in growth and stem characteristics of radiata pine at ten sites. Two sites in New South Wales contributed disproportionately to the interactions compared with the other sites. There were some considerable changes in rank between families growing in New South Wales compared with the same families growing elsewhere, particularly involving about 10 parents (WU and MATHESON, 2005) . GAPARE et al. (2010) recently reported evidence of GxE for tree diameter growth at ages 20/21 years for radiata pine but little evidence of GxE for wood density across eight sites in Australia.
In the current study, the genetic variation associated with tree diameter at breast height, wood density, branch angle, branch size, and stem straightness was investigated for young radiata pine growing in eight second-generation progeny trials in Australia. Five trials were located in mainland Australia, while three were in Tasmania. To our knowledge, this is the first published reports of genetic parameters for these traits from radiata pine trials in Tasmania, and as a consequence, the extent of GxE for these traits is unknown between radiata pine trials in Tasmania and mainland Australia. The objectives of the study were to i) estimate heritability for tree diameter, wood density, branch angle, branch size, and stem straightness; ii) estimate genetic correlations among tree diameter, wood density, and form traits; and iii) investigate GxE for tree diameter, wood density, and form traits across a diverse range of sites with a particular focus between Australia mainland and Tasmania regions.
Methods and Materials
Genetic material and measurements
Current selection criteria used in the different selection indices for radiata pine breeding by the Southern Tree Breeding Association (STBA) in Australia include tree diameter, branch quality (size and angle), stem straightness, Phytophthora resistance, Dothistroma resistance and wood density (POWELL et al., 2004) . These selection criteria are used to define rotation-age breeding objectives for radiata pine that include mean annual increment, stem straightness (or sweep), branch size, Table 1 . -Trial location and description of eight 2 nd generation radiata pine progeny trials and trait means ± standard deviation for tree diameter, wood density, branch angle, branch size, and stem straightness. Branch angle was not measured at BR9715. and wood density (IVKOVIĆ et al., 2006) . Therefore, in the current study tree diameter, wood density, branch angle, branch size, and stem straightness were measured at eight radiata pine second-generation STBA progeny trials in Australia.
Two trials were located in South Australia, two in Victoria, one in Western Australia, and three in Tasmania (Fig. 1) . The trials were planted in 1996 and 1997 ( Table  1) . Trials contained five replications, incomplete blocking, and 4-or 5-tree row plots. In total, progeny from 254 radiata pine selections from the STBA breeding population were tested across the eight sites. These 254 selections were crossed in a mixed mating design as described by WHITE et al. (1999) to generate 228 full-sib families and 221 polymix families ( Table 1) . On average, 121 parents were tested at each of the eight trials, and connectedness among pairs of trials (e.g. number of parental selections in common) ranged from 22 % to 93 % with an average of 42 % parents in common across pairs of trials ( Table 2 ).
Measurements were collected in 2004 at the eight trials. Tree diameter was measured at 1.3 m above ground. Gravimetric wood density was estimated from 12 mm cores. Form traits had the following classifications:
Branch angle was scored on a scale of 1 to 6 with 1 = steepest branch angle, ..., 6 = flattest branch angle and flatter branch angles are preferable;
Branch size was scored on a scale of 1 to 6 with 1 = biggest branches, ..., 6 = smallest branches where small branch sizes are preferable; Stem straightness was scored on a scale of 1 to 6 with 1 = most crooked stems, ..., 6 = straightest stems where straighter stems are preferable.
Statistical analyses and genetic parameters
A series of four genetic analyses were conducted on the data using ASReml (GILMOUR et al., 2005) . First, each trait from all of the trials (univariate, single-site) was analysed in order to estimate the genetic variance components, individual-tree narrow-sense heritability and standard errors associated with each trait. An individual-tree linear mixed-effects model was used:
where y ijklmno is the individual tree measurement, µ is the overall mean, R i is the fixed effect of replication, row j(i) is the random effect of row ~N(0, σ Bivariate, single-site individual-tree linear mixedeffects models were used to estimate the genetic correlations between traits within a site:
where y i is the vector of observations indexed (i) by trait, b i is the vector of fixed effects (mean and replications) and X i is the known incidence matrix relating the observations in y i to the fixed effects in b i where Table 2 . -Number of parents (diagonal) with progeny tested and the percent of parents in common between pairs of trials (below diagonal) for eight second-generation radiata pine progeny trials in Australia. and A = numerator relationship matrix generated from the pedigree, f i is the vector of random effects of fullsib family (specific combining ability) ~MVN(0, F ⊗ I f ) where and I f is an identity matrix equal to the number of families, p i is the vector of random plot effects e i is the random vector of residual terms ~MVN (0, R ⊗ I) where 0 is the null matrix, I is the identity matrix equal to the number of observations; I r , I c , and I p are identity matrices equal to the number of rows, columns, and plots, respectively; Z m i , Z n i , Z a i , Z f i , and Z p i are the known incidence matrices relating observations in y i to effects in m i , n i , a i , f i , and p i , respectively.
The additive genetic correlation between traits was estimated as:
A multivariate, multi-site (all traits and all trials) analysis was also conducted in order to estimate additive genetic correlations between traits across all trials using a model similar to equation [2] , except that here trial is a fixed effect.
In order to determine the extent of GxE for each of the traits, univariate, paired-site analyses were conducted and Type-B genetic correlations estimated using a model similar to equation [2] , except trial is a fixed effect, and y i is now defined as the vector of observations for a single trait indexed (i) by trial. Type-B additive genetic correlations were then estimated as in BURDON (1977) :
where values closer to unity indicate little genotype by environment interaction, and lower values indicate that genotype by environment interactions exist. For all estimates of genetic parameters, statistical significance was tested using F-tests.
There are many published manuscripts dealing with genetic parameters and GxE in radiata pine in Australia including WU and MATHESON (2005) in which they look at GxE for diameter growth across Australia (including Western Australia, but not Tasmania). The only regional pattern for GxE they observed was between New South Wales trials and non-New South Wales trials which they attributed to snow damage at the higher elevation trials in New South Wales. So trials in South Australia, Victoria, and Western Australia did not warrant dividing into sub-regions, but rather formed the non-New South Wales region. The unique aspect of our study is that these are the first published reports of genetic parameter for radiata pine from Tasmania, and therefore, the extent of GxE with non-Tasmania trials was an unknown. Based on this, we divided the trials into two regions: Tasmania and non-Tasmania (or Mainland trials) to explore GxE within and between regions.
Results and Discussion
Genetic variation for tree diameter, wood density, and form traits
Additive and non-additive (dominance) genetic variances were estimated for each trait at each trial. There was significant additive genetic variance (σ 2 A ) estimated for tree diameter at each of the trials except at trial BR9709. σ There was substantial genetic variation for wood density at all of the trials. Additive genetic variance made up the majority of the genetic variation for density at six trials and was significant at all but trial BR9715 in Tasmania. At this trial, σ 
Individual-tree narrow-sense heritability (ĥ
)
Generally, ĥ 2 for wood density > branch angle > stem straightness > tree diameter > branch size; and significant ĥ 2 was observed for all traits and at all trials with a couple of exceptions (Table 3) . For example, at trial BR9709 only wood density and branch angle had significant heritability estimates, and tree diameter was not significantly heritable. Additionally, at trial BR9715 only tree diameter and stem straightness were heritable. Significant values of ĥ 2 for tree diameter ranged from 0.09 to 0.25 across the trials (Table 3 ) with a mean ĥ 2 = 0.15 (or = 0.14 if non-significant 0.01 estimate is included). Similar ĥ 2 for diameter growth was reported by MATHESON and RAYMOND (1984) in a population of 30 open-pollinated families of radiata pine tested across multiple sites (ĥ 2 = 0.18). Moderately high and significant ĥ 2 was observed for wood density across all trials (Table 3) except at trial BR9715, where all of the genetic variance associated with wood density was non-additive. Significant values of ĥ 2 for wood density ranged from 0.33 to 0.83 (Table 3 ) with a mean ĥ 2 = 0.62 (or = 0.54 if non-significant 0.04 estimate is included).
For branch angle, significant ĥ 2 was estimated at all of the trials where it was measured and ranged from 0.15 to 0.36 (Table 3) , and mean ĥ 2 was 0.25. Branch size was not as heritable as branch angle, and ĥ 2 ranged from a non-significant 0.05 to 0.18 (Table 3) . Considering only significant values of ĥ 2 for branch size, the mean ĥ 2 was 0.12 (or = 0.10 if non-significant estimates are included). Significant values of ĥ 2 for stem straightness ranged from 0.08 to 0.23 (Table 3 ) with a mean ĥ 2 = 0.16 (if nonsignificant 0.12 estimate is included, then ĥ 2 was still equal to 0.16). Heritability estimates may be upwardly biased when based on data from a single trial because they are confounded with GxE if it exists (COMSTOCK and MOLL, 1963) . Therefore, multi-site heritability was also estimated for each trait and reported in Table 3 .
Genetic correlations (r A )
Statistically significant genetic correlations were estimated between tree diameter and wood density, and r A ranged between -0.23 to -0.57 across all trials (Table 4) . However, at BR9709, r A was not significant (r A = -0.23 ± 0.40). The genetic correlations between pairs of traits were also estimated from a multivariate, combined-site analysis ( Table 5) . From this analysis, tree diameter had a moderate, negative genetic correlation with wood density (r A = -0.48 ± 0.08). The adverse genetic correlation between tree diameter and wood density observed here is well within published estimates for radiata pine (DEAN et al., 1983; COTTERILL and DEAN, 1990; BURDON and LOW, 1992; JAYAWICKRAMA, 2001; KUMAR, 2004; LI and WU, 2005; BALTUNIS et al., 2007) . Additionally, WU et al. (2008) recently reviewed estimates of genetic parameters in radiata pine and reported an average estimate of genetic correlation of -0.48 between growth and wood density which is the same as our multivariate, combined-site estimate. Similar negative genetic correlations (in the range of -0.4) have been observed in other SILVA et al., 1998; ROZENBERG and CAHALAN, 1998; HANNRUP et al., 2000) .
Tree diameter also had statistically significant genetic correlations with branch angle, and branch size. For example, r A = 0.34 ± 0.09 between tree diameter and branch angle from the combined-site analysis (Table 5) . However, r A between tree diameter and branch angle ranged from a non-significant 0.06 to 0.63 across individual trials (Table 4) . A positive genetic correlation between tree diameter and branch angle indicate a favourable relationship between these two traits, i.e. trees ranking high for diameter also tended to rank high for flatter branch angles. Not surprisingly, larger diameter trees also tended to have bigger branches. This is indicated by the significant genetic correlation between tree diameter and branch size, r A = -0.26 ± 0.10 ( Table  5) . Estimates of the genetic correlation between tree diameter and branch size ranged from a non-significant -0.17 to moderately high -0.74 across individual trials (Table 4) . A negative correlation between tree diameter and branch size indicates that larger trees also had large branches (e.g. low branch size score indicates larger branches). The genetic correlations between tree diameter and stem straightness were only significant at one of the trials in Tasmania (BR9615), while non-significant at all other trials (Table 4) . Additionally, based on results from the combined-site analysis, tree diameter and stem straightness may be considered independent traits (r A = -0.03 ± 0.10).
There were no significant genetic correlations between wood density and branch angle, and wood density and branch size at any of the trials (Table 4) . Generally, genetic correlation estimates between these traits were low with large standard errors in all single-site analyses and in the combined-site analysis. However, there was a significant genetic correlation between wood density and stem straightness based on the combined-site analysis, r A = -0.28 ± 0.08 (Table 5 ). Genetic correlations between Table 4 . -Additive genetic correlation ± standard error between pairs of traits for two-trait-single site analyses. Branch angle was not measured at BR9715. Bivariate analyses involving density at BR9715 failed to converge. Statistical significance is indicated by: 1 p < 0.10; 2 p < 0.05; 3 p < 0.01; 4 p < 0.001; ns non-significant. wood density and stem straightness ranged from a nonsignificant -0.13 to -0.63 across the individual trials (Table 4) . This adverse genetic correlation implies that trees with higher wood density tended to have more crooked stems, perhaps a result of compression wood.
No clear trend was observed from the genetic correlation between branch angle and branch size based on single-site analyses. For example, although statistically significant estimates of the genetic correlation were observed, both negative and positive values were estimated, and r A ranged from -0.33 to 0.77 across all trials (Table 4) . Furthermore, the estimated genetic correlation between branch angle and branch size based on the combined-site analysis was non-significant (r A = 0.18 ± 0.10) ( Table 5) . Similarly, the genetic correlation between branch angle and stem straightness was not different than zero (r A = -0.07 ± 0.10) ( Table 5) , and only statistically significant at one trial (Table 4) . Generally, the genetic correlations between branch size and stem straightness were positive with a range from a non-significant -0.20 to 0.49, but only significant at three trials (Table 4) . However, the combined-site estimate of the genetic correlation between branch size and stem straightness was significant, r A = 0.27 ± 0.10 ( Table 5 ), indicating that some genotypes that ranked higher for stem straightness also ranked well for smaller branch size.
Genotype by environment interactions and Type-B genetic correlations (r B )
Among the five mainland trials, there was little evidence for GxE for tree diameter except between trials BR9611 and BR9701 where r B = 0.48 (Table 6 ). Type-B additive genetic correlations ranged from 0.48 to 1.4 between pairs of trials in the mainland (Table 6) . However, there was some indication that parental rankings were unstable in the Tasmanian trials indicating GxE for tree diameter. For example, r B ranged from 0.02 to 1.2 when estimated from at least one Tasmanian trial; but only a few Type-B genetic correlations involving the Tasmania trials were in excess of 0.71. (Table 6 ). Furthermore, Type-B genetic correlations for tree diameter involving measurements from trials BR9615 and BR9614 were all generally low indicating that GxE was present and that rank changes were occurring (Table 6) . When trials were grouped within one of two regions, then r B = 0.63 ± 0.11 for tree diameter.
It is unclear what is causing the observed GxE for diameter growth in our study. WU and MATHESON (2005) reported on GxE for diameter growth among AustralianWide-Diallel trials. They observed significant interaction and r B ranged from -0.37 to 1.00 with an average r B = 0.39 (WU and MATHESON, 2005) . Furthermore, significant regional effects were observed, and two trials located in New South Wales had an average Type-B genetic correlation of 0.12 with non-New South Wales' trials, which may have been a result of snow damage which only affected trials at higher elevation in New South Wales (WU and MATHESON, 2005) . Similarly, MATHESON and RAYMOND (1984) reported significant GxE for diameter growth for 30 open-pollinated families of radiata pine tested across eleven trials in Australia with an overall r B = 0.33. However, they recommended culling more interactive families from the breeding population rather than having distinct regionalized breeding programs (MATHESON and RAYMOND, 1984) . PEDERICK (1990) reported significant family by site interactions for tree diameter in radiata pine based on several trials in Victoria, Australia. However, GxE was not important for stem straightness and branch size. Type-B genetic correlations (averaged over two years) for tree diameter, stem straightness, and branch size were 0. 46, 0.90, and 0.85, respectively (PEDERICK, 1990; table 3) . In New Zealand, significant family by environment interactions were observed in radiata pine between pumice and clay sites (JOHNSON and BURDON, 1990) . In contrast, JOHNSON (1992) reported that family by environment interaction was not of practical importance for tree diameter and branch quality based on 73 half-sib families of radiata pine from three trials in New South Wales, Australia, and for stem straightness, significant interactions were attributable to 8 families.
There was no evidence for GxE for wood density across all pairwise combination of trials. Significant Type-B additive genetic correlations ranged from 0.74 to 1.0 for wood density (p < 0.001). There was also no genotype by region interaction for wood density with r B = 0.98 ± 0.02. Generally, wood quality traits are believed to be genetically stable across trials. For example, BAL-TUNIS et al. (2007) previously reported Type-B genetic correlations > 0.77 for wood density, modulus of elasticity, and microfibril angle based on SilviScan measurements between trials BR9601 and BR9705. Such high genetic correlations between sites for wood density indicate that parental rankings were stable, further suggesting that fewer trials may be necessary for ranking and selecting genotypes for wood density. Similar trends were also seen for branch angle as were observed for wood density. For branch angle, statistically significant r B ranged from 0.71 to 1.1 (p < 0.001) across all pairwise combination of trials, and no genotype by region interaction was present (r B = 0.95 ± 0.04). WU and MATHESON (2005) reported an average r B = 0.80 for branch angle across the Australian-WideDiallel trials. However, there was some evidence of GxE for branch angle between certain pairs of trials (r B ranged from 0.31 to 1.1), but no clear regional trend (WU and MATHESON, 2005) .
There was considerable GxE for branch size ( Table 7) . Type-B additive genetic correlations for branch size ranged from -0.13 to 1.1. However, at some trials there was little additive genetic variance associated with branch size. Therefore, r B had large standard errors and was non-significant in most cases ( Table 7) . Within the five mainland trials, when branch size measurements involved trial BR9705, there was generally low genotype by environment interaction. When trials were grouped into regions, the r B = 0.55 ± 0.15. Similarly, an average r B = 0.59 was reported by WU and MATHESON (2005) for branch size in the Australian-Wide-Diallel trials.
There was some indication of instability of parental rankings across trials for stem straightness, but generally, moderately high r B was observed in both regions ( Table 8) . For example, r B ranged from 0.41 to 1.2. Most of the lower values of r B (ranging from 0.41 to 0.57) occurred with stem straightness measurements from Tasmanian trials (Table 8) . However, when trials were grouped within regions, the r B = 0.76 ± 0.07 indicating that overall parental rankings were stable across Tasmanian and mainland trials. 
Conclusion
Tree diameter, wood density, branch angle, branch size, and stem straightness in radiata pine were under genetic control for progenies derived from the secondgeneration of breeding. Significant additive genetic variance was estimated indicating that selection will be effective for the third generation breeding population and large improvement in these traits is possible from the second to the third generation breeding population. Generally, ĥ 2 for density > branch angle > stem straightness > tree diameter > branch size; and significant ĥ 2 was observed for all traits and at all trials with only two exceptions. The large negative genetic correlation observed between wood density and tree diameter indicated that a selection strategy should be developed in dealing with this adverse genetic correlation in advanced generations of breeding for radiata pine. There was little evidence of GxE for wood density, branch angle, and stem straightness. However, there was some evidence of GxE for tree diameter in the Tasmanian trials and for branch size across all trials. Further research is recommended in identifying the cause of GxE for tree diameter and branch size in radiata pine not only in these trials but across the entire radiata pine estate in Australia. Certain families may be more interactive than others depending on site quality (e.g. soil type, nutrition, rainfall, elevation, etc.). Identification of the causal components, genotypic and environmental, that are driving GxE for radiata pine growth traits can be incorporated along with bioeconomic selection indices into optimizing breeding and deployment strategies for radiata pine in Australia. 
Summary
Four-year old clones (FG1 and FG11) of teak (Tectona grandis Linn. f.), differing in rejuvenation capacity were grown in glazed earthenware pots. Drought treatments were imposed by withholding water for 20 days and rewatered to the field capacity daily for 5 days and the possible role of biochemical alteration and antioxidant metabolism in conferring photosynthetic capacity was determine by measuring photosynthetic traits, cellular damage and assaying activities of the superoxide dismutase (SOD) and peroxidase (PER) enzymes. Growth, relative water content (RWC), net photosynthetic rate (Pn), stomatal conductance (gs), chlorophyll fluorescence (Fv/Fm) and chlorophyll a, b, total chlorophyll and soluble protein content decreased significantly with increasing drought treatments from 5 to 20 days. Droughtinduced stress significantly increased the carotenoids content, relative electrolyte leakage and malondialdehyde (MDA) content, and, at the same time, accumulated free proline, free amino acid and soluble sugars in both clones. After re-watered to the field capacity daily for 5 days, both clones were shown significant recovery in the studied parameters. As compared with the FG11, the FG1 clone was more tolerant to drought as indicated by higher level of antioxidant enzyme activities as well as lower MDA content and electrolyte leakage. Similarly, drought stress caused less pronounced inhibition of Pn in FG1 than in FG11 clone. After re-hydration, the recovery was relatively quicker in FG1 than in FG11 clone. FG1 clone showed significant recovery in maximum quantum yield or photochemical efficiency of PSII (Fv/Fm) after 5 days of re-watering. The FG11 compared to the FG1, the former clone was less tolerant to drought than the latter. These results demonstrated that the different physiological strategies including antioxidative enzymes employed by the FG1 and FG11 clones of T. grandis to protect photosynthetic apparatus and alleviate drought stress. Furthermore, this study also provides ideas for teak improvement programmes and may be useful in breeding or genetic engineering for their tolerance to drought stress. 
